In prokaryotes, known mechanisms of lateral gene transfer (transformation,
Introduction 22
Lateral gene transfer (LGT) has had a major impact on gene distributions among 23 archaeal chromosomes during evolution (Wagner et al. 2017 ). There are basically two ways to 24 infer the evolutionary processes underlying gene distributions. One approach is to construct 25 phylogenetic trees for all proteins in a given set of genomes and to compare topologies in 26 search of phylogenetic congruence or incongruence, evoking vertical inheritance to account 27 for the former and LGT to account for the latter. Despite the occurrence of historical events of 28 lateral gene transfer among prokaryotes, applications of this approach have nevertheless 29 generally led to phylogenetic reconstructions favoring a single dominant underlying 30 prokaryotic tree (e.g. Daubin et al. 2003) . One limitation of this investigative approach, and 31 thus the conclusions evidenced, is that it is hampered by the circumstance that the vast 32 majority of genes in prokaryotes occur in only a very few genomes (Dagan and Martin 2007) . 33
Genes present in only two or three genomes will appear to have been vertically inherited in all 34 trees, and ≥ 1/3 of all genes present in four genomes will also appear to be vertically inherited 35 by phylogenetic congruence criteria alone. The problem with this potential methodological 36 bias is that it will inflate ancestral genome sizes to unacceptably large values if one looks at 37 all genes (Dagan and Martin 2007) , not just the ones for which trees are convenient to 38
construct. 39
A different and still relatively new approach to investigate the factors underlying 40 gene distributions is to cluster all protein coding genes in a given set of genomes into protein 41 families and to examine not only the presence and absence patterns (PAPs) of those genes 42 along a given reference tree, but also the phylogenies for each individual cluster (Nelson Sathi 43 et al. 2012; Ku et al. 2015) . When applied to archaea, this approach uncovered that 44 haloarchaea acquired about 1000 genes from bacteria in a process that transformed a 45 acquisition followed by differential loss (Ku et al. 2015) , which is increasing considered a 52 very important factor in genome evolution (Albalat and Cañestro 2016) . 53
Yet another approach to understand gene distributions is to try to reconcile all 54 topologies, all gene duplications, all gene losses, and all gene transfers simultaneously from a 55 given data set (Szöllősi et al. 2015a ). The trouble with this approach is that the number of 56 parameters in such a model becomes very large, and there is the risk of overparameterization 57 of models and of falling prey to statistical artefacts, as was recently observed for analyses of 58 gene phylogenies addressing mitochondrial origin (Martin et al. 2017a) . Count makes a large number of simplifying assumptions, and we suspect that these 80 modelling assumptions could be responsible for the unusual results returned by the software. 81
The most critical assumption in this context is that the evolutionary histories of different gene 82 families are independent of one another. Thus, an LGT involving a transfer of x genes would 83 be considered as x individual events. Major acquisition events fall completely outside the 84 scope of the model. To examine the impact of this model misspecification, and to test whether 85 it can indeed mislead analyses, we inspect the results produced by Count on real data that 86 evolved by a loss only model, namely chloroplast genomes, to see whether it infers LGT 87 instead of the true process (loss only). We also investigate two other datasets involving gene 88 acquisitions via endosymbiosis to see how Count performs. 89
90

Materials and Methods
91
Data collection and annotation 92
Archaeal protein families 93
The dataset used for the study of the origin of archaeal protein families included 1,981 94 
BLAST against cyanobacterial genomes 126
The 15,588 protein sequences in the PL dataset were blasted against 94 cyanobacterial 127 genomes retrieved from RefSeq, NCBI (version September 2016, listed in Supplemental 128 Table 1 ). Hits were filtered with a threshold of e-value equal to or less than 1e-10 and local 129 identity equal to or greater than 25%. 130 131
Calculation of gain and loss events with Count 132
Version 10.04 of Count (Csűrös, 2010) , written in Java, was used. As input, Count 133 requires a PAP and the corresponding phylogenetic reference tree. Count's three methods for 134 the analysis of gene evolution -two methods of maximum parsimony, Dollo (DP) and 135
Wagner (WP) and the phylogenetic birth-and-death model (BD) -were tested. The reference 136
tree and the appropriate PAP were loaded into Count (branch lengths are ignored in 137 parsimony models and were not used for the BD model). The data was then optimized using 138 likelihood, a necessary step in order to use the birth-and-death model. All model parameters 139 used were the default Count parameters (Groussin et al. 2016 ). The following settings were 140 used: the model type was the gain-loss type, the family size distribution at the root was set to 141
Poisson, lineage-specific variation was left unspecified, the gain variation across families was 142 set to 1 for the edge length, the loss and the gain rate. The maximum number of optimization 143 rounds was set to 100 with a convergence threshold on the likelihood of 0. To see whether Count can recover even an obvious process of massive gain followed 175 by differential loss, we examined plastid genomes. It is generally accepted that plastids arose 176 from cyanobacteria via endosymbiosis (Schwartz and Dayhoff 1978) . It is also generally 177 accepted that plastid genomes underwent reduction during evolution (Ohyama et al. 1986) , 178 that many genes were transferred to the nucleus during evolution and that many gene losses 179 from cpDNA occurred in independent lineages Martin et al. 2002 ). gain events (nineteen) at Nephroselmis olivacea, which is considered a descendant of the 224 earliest-diverging green algae (Turmel et al. 1999 ). It should be noted that all models place a 225 considerable number of gain events at the common ancestor of Rhodophyta, Hacrobia and 226
SAR. 227
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